Abstract Metabolic syndrome (MetS) is a cluster of interrelated common clinical disorders. The role of resistin in insulin sensitivity and MetS is controversial till date. So, the aim of the present study was to investigate the relationship of plasma resistin levels with markers of the MetS in Indian subjects. In a case control study, total 528 subjects were selected for the study. 265 (194 male and 71 female) were cases (with MetS) and 263 (164 male and 99 female) were controls (without MetS). Required anthropometric measurements and calculations were carried out accordingly. All the Biochemical estimations were carried out according to standard protocol. Resistin level was measured by the standard protocol (By ELISA i.e. enzyme linked immunosorbent assay) as illustrated in the kit. Insulin level was also measured by the standard protocol as illustrated in the kit and insulin resistance was calculated by the standard procedures. Plasma resistin levels were significantly higher in cases compared with controls (male = 13.05 ± 4.31 vs. 7.04 ± 2.09 ng/ml; p B 0.001 and female = 13.53 ± 4.14 vs. 7.42 ± 2.30 ng/ml; p B 0.001). Plasma resistin levels were well correlated with waist circumference, glucose, triglycerides, waist/hip ratio, systolic and diastolic blood pressure, high density lipoprotein, total cholesterol, serum low density lipoprotein, serum very low density lipoprotein, insulin and insulin resistance. Plasma resistin levels were elevated in presence of the MetS and were associated with increased metabolic risk factors.
humans is still unclear. Studies in rodents have suggested resistin as a link between obesity, insulin resistance (IR) and diabetes [3, 4] . In humans, data on the role of this adipokine in insulin sensitivity and obesity are controversial [5] . Studies also suggested that mice injected with recombinant resistin or over expressing resistin had impaired glucose tolerance and insulin action. [6] . In addition, resistin was found to be an in vitro antagonist of insulin in human preadipocytes [7] . It was found that human hepatic cells over expressing resistin had impaired glucose uptake and glycogen synthesis. Some studies suggested a close relationship of resistin with inflammatory and fibrinolytic markers and this relationship may mediate the association of resistin with IR and metabolic syndrome (MetS) [8, 9] . Resistin is clearly involved in inflammation but its specific function in that situation remains to be clarified. Because of its link with obesity and inflammation and its potential link with insulin resistance, resistin has been tagged as a potential MetS marker. Supporting this theory, adults with MetS tend to have higher resistin levels than the healthy counterparts. In a study authors have concluded that the resistin levels are not associated with markers of IR and/or central obesity. However, the resistin levels are associated with the total body fat mass and with markers of systemic inflammation in lean healthy subjects [10] . In a study on obese class II, leptin concentration was significantly higher than in obese class I, but adiponectin and resistin were not different [11] . However, the correlation between IR and plasma resistin in adult humans remains controversial, supported by some studies [12] and not by some others [13, 14] , therefore, weakening the relation between resistin and MetS. Some authors indicated that increased plasma resistin levels were associated with increased obesity, visceral fat [1, 15, 16] insulin resistance, and type 2 diabetes [12] , while other groups failed to observe such correlations [17, 18] . Furthermore, the contribution of resistin to the MetS is still under investigation [19, 20] .
The aim of the present study was thus to investigate the relation of plasma resistin levels with markers of the MetS and biochemical characteristics in a case control study in Indian subjects.
Materials and Methods

Study Design
This is a case control study, conducted in north Indian adult subjects with age between 20 and 40 years. All the subjects were diagnosed according to the NCEP ATP III (National Cholesterol Education Program-Adult Treatment Panel-III) criteria for MetS [21] . We enrolled 528 adult subjects for the study of which 170 were female and 358 were male. All the participants in this study were non-alcoholic as well as non-diabetic and were without any kind of cardiac, respiratory, inflammatory and metabolic diseases. A structured performa was filled to collect the information regarding their behavioral, medical, personal, familial as well as dietary history. The study was approved by the ethical committee of our institute and by the Indian Council of Medical Research (ICMR), New Delhi. Written informed consent was obtained from all the subjects. This study was conducted under the principles of the Declaration of Helsinki. 
Anthropometric Measurements
All the subjects were evaluated, in addition to waist hip ratio (WHR, a good marker for measuring central/visceral obesity), through the following anthropometric parameters: body mass index (BMI), height (Ht.), weight (Wt.), WC, blood pressure (BP), and pulse rate. BMI was calculated as weight (in kilograms) divided by height (in meters) squared.
Biochemical Measurements
Blood samples for measuring the biochemical parameters were collected in the morning after 12 h of fasting. From 3.0 ml of the blood, serum/plasma was separated. Estimation of Plasma glucose was done by Glucose oxidase per-oxidase (GOD-POD) method (Randox Laboratories Ltd., Antrim, UK) and Serum Lipid profile was done by enzymatic method (Randox Laboratories Ltd., Antrim, UK). Plasma Insulin was estimated by immuno-radiometric assay method (Immunotech Radiova, Prague). Subsequently, IR was calculated by homeostatic model assessment index (HOMA index), using the equation:
Determination of Plasma Resistin Levels
The plasma concentration of resistin was measured with a sandwich ELISA kit (Biovendor Research and Diagnostic Products, CZECH REPUBLIC), according to the manufacturer's instructions. Plasma samples were diluted with 1:3 with dilution buffer. The lowest level of human resistin detectable by the assay was 0.1 ng/ml. The inter-assay variability was 5.1 % and the intra-assay variability was 2.8 %. For this analysis, an aliquot of plasma kept at -20°C was thawed for the first time and processed.
Statistical Analysis
Results are expressed as mean ± SD (standard deviation). Groups were compared by Student's t test. Correlation analysis was used to asses association of circulating resistin level with demographic characteristics and biochemical profiling in control, cases and both (control ? cases). A two-tailed (a = 2) p \ 0.05 was considered statistically significant. Furthermore multiple regression analysis was performed to know about the factor of MetS which was significantly associated with the development of MetS.
Result
Physiological and biochemical parameters of control and cases are depicted in HDL-cholesterol) in cases (with MetS) were found to be significantly higher as compared to control (without MetS) in both the sexes (Fig. 1) . Similarly, the serum resistin levels (mean ± SD) were also significantly higher in cases compared to controls (in case of males 13.05 ± 4.31 vs. 7.04 ± 2.09 ng/ml; p B 0.001 and in case of females 13.53 ± 4.14 vs. 7.42 ± 2.30 ng/ml, p B 0.001 (Fig. 2) . We observed a significant difference in levels of biochemical parameters of cases compared to controls. We also observed a significant difference in levels of parameters of MetS of cases compared to controls in males as well as females (Fig. 1) . Serum resistin levels were not correlated with the age of the cases and controls in both of the sexes. We observed that plasma resistin levels were positively correlated with glucose, triglycerides, waist circumference, waist/hip ratio, systolic and diastolic blood pressure while they were inversely correlated with HDL levels, thus suggesting the correlation of plasma resistin levels with the determinants of the MetS in both of the sexes (Figs. 3, 4) .
In male cases a positive correlation of resistin was observed with total cholesterol, very low density lipoprotein (VLDL) and low density lipoprotein (LDL). While in female cases positive correlation of resistin was observed with total cholesterol (TC) and VLDL and it was negatively correlated with LDL. One important observation that HOMA-IR was positively correlated with resistin in both male (r = 0.484; p = 0.001) and females (r = 0.439; p = 0.001) ( Table 2) .
We also performed multiple regression analysis including all the parameters in the statistical model and observed that only triglycerides are significantly correlated to plasma resistin levels (Tables 3, 4) .
When subjects were stratified according to the presence of increasing number of determinants of the MetS, plasma resistin levels significantly increase with the increasing number of the determinants of MetS.
Other anthropometric parameters like BMI, HC, WHR were also significantly higher in cases as compared to the controls in both the sexes (In case of Males BMI Fig. 4 
Discussion
This study shows that plasma resistin levels are correlated significantly with the factors of MetS like waist circumference, fasting plasma glucose, triglycerides, HDL-C, systolic and diastolic blood pressure in both male and female subjects. Resistin was also correlated significantly with waist/hip ratio, in male and female subjects. It was negatively associated with HDL-C levels. Resistin was also correlated positively with insulin resistance. Furthermore, plasma resistin levels increase with the number of determinants of the MetS.
Resistin is a protein involved in glucose homeostasis, lipid metabolism and insulin action [22] . Recently, in a study it is observed that resistin levels contributed to the development of obesity and type 2 diabetes mellitus in Egyptian population. The observed data among obese patients demonstrated that serum resistin is positively correlated with BMI, waist/hip ratio, total cholesterol, triglycerides, and LDL cholesterol, while it was negatively correlated with HDL cholesterol [23] .
A study carried out by Kim et al. [24] demonstrated that there is an increased susceptibility to IR in patients with Behçet's disease (BD) as compared to healthy controls. They also hypothesized that serum resistin level may be an independent determinant for IR in BD patients.
According to Reilly et al. [25] plasma resistin levels are associated with inflammatory markers in a large, non-diabetic cohort as well as in type 2 diabetes. In spite of these findings, the role of resistin in the MetS is controversial. Some researchers reported that in human plasma resistin Table 2 Pearson correlation (r) of plasma resistin levels with anthropometric and biochemical variables in total samples, (male n = 358, and female n = 170)
Variables
Male Samples (n = 358) , while other authors failed to observe any correlation of plasma resistin levels with either metabolic or lipid markers, and no significant difference was observed in plasma resistin levels in subjects with the MetS compared to controls [17, 27] . Different explanations could account for these discrepancies, including the use of different assay methods, the low number of patients enrolled in the different studies, and the definition used to select patients with the MetS. In 2011 Malo et al. [28] demonstrated that the plasma resistin concentration is associated with central obesity and other MetS components and is elevated in study subjects with MetS defined by different criteria in this cross-sectional, population-based study. These data clarify the inconsistent link between resistin, obesity, and MetS in the general population, providing further evidence that elevated resistin levels are related to these metabolic disturbances. Consistent with some previous reports in western and Japanese populations, plasma resistin was correlated with IR and low serum HDL cholesterol [29] . We also found that women had higher resistin concentrations than men.
Conclusion
In a case control study in Indian subjects we observed that, cases have significant higher values for the factors of MetS and serum resistin when compared with normal controls.
Serum resistin levels were very strongly correlated with serum triglyceride; a factor of MetS, in Indian males. 
